Adak: Effects of glycine betaine concentrations on strawberry cultivars grown under deficit irrigation - Abstract. Glycine betaine (GB) is a quaternary ammonium compound that can be found in a wide range of bacterial, plant and animal species. The exogenous application of GB is a convenient method for the induction of crop tolerance to various abiotic stresses. We examined the effects of different exogenous GB concentrations to deficit irrigation conditions (15% drainage) under soilless condition in terms of morpho-physiological, yield, quality and biochemical features. The different GB concentrations (0, 10 and 20 mM) were used in Fortuna and Albion strawberry cultivars. As a result of the research, GB treatments increased plant growth and yield under deficit irrigation conditions. Fruit weight inclined by 26.29-49.50% and fruit yield by 17.17-39.59% at GB treatments as compared to control. Regarding biochemical content, increasing GB concentrations from 0 mM to 20 mM caused total anthocyanin to decrease, whereas the ascorbic acid increased. Furthermore, the highest yield, fruit firmness, chroma and total anthocyanin were determined in the Fortuna; the highest total soluble solid and ascorbic acid content in the Albion cultivar. Our results showed that the increase in yield and quality was due to exogenous GB applications. Indeed, water stress tolerance varied depending on cultivars.
Introduction
Many strategies aimed at saving water are practiced in horticulture (Tunc et al., 2019) . Drip irrigation method increases the efficiency of water use while decreasing the applied amount (Tunc et al., 2019) . Mulch usage is a very important cultural practice to decrease evapotranspiration in conventional agriculture. Recent years, soilless culture techniques have expanded to increase the efficiency of water use in many agriculture countries. In addition, soilless culture enables lower water usage, lower fertilizer and higher yield per unit area than conventional method. Therefore this technique is known as a sustainable agricultural method. In fact, in Turkey, while 390 tons of water/decare is used under soil conditions with clay soil in the Mediterrenean region, in soilless systems much less water is used.
Turkey, with a strawberry production of 415150 tons in a production area of 15431 ha, was ranked fifth in 2016 in global production according to the FAOSTAT statistics (FAO, 2018) . The strawberry protected production quantity increased by 40 .51% (168,191 tons) in total production (TURKSTAT, 2017). Under protected conditions, there is a remarkable increase in general soilless production areas and the total soilless strawberry production area has reached 70 ha (Adak et al., 2018a) . In soilless cultivation about 1.5-2 L of growing media/plant is used and even short time water stress causes loss of turgor (Adak, 2009 ). Thus, abiotic stress experiments, for example water stress, salinity stress, are conducted easier, faster in soilless culture technique as compared to conventional agriculture technique.
Recently, the most important environmental and agricultural problems are global warming and water shortage (Cramer et al., 2007; Fereres and Soriano, 2007; Osakabe et al., 2014; Bakhsh and Hussain, 2015; Zhu, 2016) . In particular, salinity and drought are two major constraints that limit agricultural production worldwide. Mainly drought stress causes to decrease yield and quality and affects biochemical features in arid or semi-arid climate, for example Mediterrenean conditions (Souza et Adak et al. (2018b) stated that some of the fruit's physical features were affected negatively by stress conditions whereas many of the biochemical features such as total anthocyanin content, total phenolic content and antioxidant activity were positively modulated in strawberries. Barreales et al. (2019) stated that deficit irrigation applications drastically affect the phytochemical composition and antioxidant activity of grapevine leaves. Controversaly, Centofanti et al. (2017) indicated that the deficit irrigation strategies did not affect the yield, fruit color, pH, concentration of soluble solids, total phenolic compounds, anthocyanin and non-anthocyanin compounds, and mineral elements in pomegranate fruit.
Plants have evolved various protective mechanisms that allow them to acclimate to unfavourable environments for continued survival and growth (Wani et al., 2013) . Osmotic adjustment is an adaptive mechanism involved in drought or salinity tolerance, which permits the maintenance of turgor under water deficit conditions (Wani et al., 2013) . Different strategies have been improved for management of these stresses (Wani et al., 2013) . Recently, some exogenous agent applications, such as aminoacids, plant nutrients, hormone-like compounds, have been tried in terms of practical usage for producer (Ahmad et al., 2007; Shi et al., 2014; Osman and Salim, 2016) . In this regard, osmoprotectants or compatible solutes are small molecules that act as osmolytes and help organisms survive extreme osmotic stress (Lang, 2007) .
Glycine betaine, an amino acid derivate from sugar beet (Beta Vulgaris L. v. altissima), is purified, enriched and crystallised (Makela et al., 1998; Rajashekar et al., 1999) . The known role of GB is maintaining water content in plant cells by lowering solute potential under osmotic stress in osmotic adjustment (Makela, 2004; Dutta et al., 2018) . Both the exogenous application of GB and the genetically engineered biosynthesis of GB in such crops is a promising strategy to increase stress tolerance (Wani et al., 2013) . As a matter of fact, it ameliorated the harmful effects to various abiotic stress conditions, such as drought (Makela et Glycine betaine can be phytotoxic, when applied either at higher concentration or by increasing the number of applications. The species such as bean, tomato, and grape are more sensitive to high concentrations of GB than grass species/cereals. Therefore, it is important to determine optimal concentration of GB, number of applications, and time of application for each crop species (Muhammad et al., 2006) . In this regard, Rajashekar et al. (1999) determined exogenous application of glycine betaine (2 mM) to strawberry plants increased the cold tolerance of leaves within 72 h of application. Likewise, Armin and Reza Miri (2014) examined different application types of glycine betaine (seed-treating, seed-treating+foliage spraying, spraying at flowering and nonapplication of glycine betaine) under rain-fed and irrigated conditions. 100 mM GB concentration was used in both seed treating and spraying. The result of this study, the seed application+spraying of glycine betaine was superior to other application methods in terms of yield and yield components increasing in cumin plants. Yildirim et al. (2015) observed that exogenous GB treatments at 10 and 25 mmol·l -1 elevated the concentrations of gibberellic acid, salicylic acid and indole acetic acid levels and it could ameliorate the harmful effects of salt stress in lettuce. Shams et al. (2016) suggested that exogenous GB treatments could ameliorate the tolerance of lettuce to salt stress by increasing the total antioxidants and total phenolics. Likewise, Youssef et al. (2018) foliar GB at 10 mM to cucumber plants ameliorated the harmful effects of NaCl stress on the vegetative growth and yield through enhancing both leaf relative water content and leaf membrane stability. In additon, Denaxa et al. (2012) stated GB and kaolin clay particles treatments increased CO2 assimilation rates drought stress as compared to control in olive (Olea europaea L.) plants.
In this regard, a little is known about the effects of exogenously applied glycinebetaine concentrations on quantitative and qualititative characteristics in different strawberry cultivars and deficit irrigation conditions with soilless cultivation. As a matter of fact, in strawberries, the degree of water stress tolerance varies according to plant growth stage, stress duration, growing system, growing medium and cultivars (Adak et al., 2018b) . Therefore, optimal GB concentrations and number of application and time of application should be determined in strawberry as well. The aim of the study were to assess the effectiveness of GB concentrations in different strawberry cultivars in terms of morphophysiological, yield, quality and biochemical characteristics. Thus, the most suitable GB concentrations will be determined for drought conditions and it will be recommended to producers working under water stress conditions.
Materials and Methods

Plant Materials, Growing Conditions and Treatments
Experiments were conducted between October 2015-February 2016 in high plastic greenhouse owned by the private research center located in Serik-Antalya (36° 50' 37'' N; 30° 50' 31'' E; at an altitude of 50 m). Climatic data during the experiment are given in Table 1 . Treatments consisted of two strawberry cultivars (Fortuna and Albion) and three glycine betaine concentrations with control (0, 10 and 20 mM GB) under deficit irrigation condition (15% dranaige fraction). Seedlings were planted in grow bags containing cocopeat (100 cm in length × 15 cm in width × 7 cm in height) on the gutter at the height of 75 cm on 20 October 2015 (14.2 seedlings·m −2 ). A control irrigation regime (30% drainage) was applied to the plant for the first 2 weeks. Later, deficit http://www.aloki. 25 .0 µM B, and 0.50 µM Mo. The EC and pH in the above NS were 1.70 dS·m −1 and 5.6, respectively. In the experiment, irrigation schedule was programmed depending on solar radition (3-8 irrigation/day with 3 min/irrigation) and irrigation programmes were done by automatic fertilising system (INTA Crop Technology S.L, Murcia, Spain).
Data Collection and Statistical Analysis
In the experiment, the morpho-physiological features of plants (crown diameter, chlorophyll index), pomological features in fruits (fruit weight, total soluble solid, titratable acid, firmness, colour) and biochemical features (ascorbic acid, total monometric anthocyanin) were examined. While morpho-physiological observations were carried out from November to February, all pomological and biochemical analysis were done from samples taken at the end of January. The yield per plant was determined from the total yield values obtained during the whole season.
Determination of crown diameter and chlorophyll index
In plants, crown diameter and chlorophyll indexes were measured monthly with digital calipers, and with chlorophyll meter (Field Scoot CM1000), respectively. Results were expressed as average monthly taken datas from November to February.
Determination of fruit weight and yield
Fruit weight and fruit yield were determined throughout the growing season (2 December 2015 to 05 February 2016). Fruit weight was presented as grams (g), and yield as yield per plant.
Determination of total soluble solids, titratable acidity and firmness
Total soluble solids content (TSS) were measured by a digital refractometer (REF121; Atago, Guangzhou, China) and expressed as %. The titratable acidity (TA) was determined by juice titration with 0.1 N NaOH up to 8.1 pH and expressed in % of citric acid per 100 mL juice (AOAC 1980). Firmness was determined by the equatorial region of fruit, using a texture analyser (FT-011, with 7 mm probe, Effegi, Italy) and expressed as kg·cm -2 
Colour measurements
Fruit skin colour were measured by a Minolta CR-200 (MINOLTA Camera Co, LTD Ramsey, NJ) chromameter in terms of L* (whiteness = darkness), a* (redness) and b* (yellowness) values. Hue angle (colour shade) was calculated from arc tan (b*/a*) and chroma (colour saturation) was from square root (a* 2 +b* 2 ). High values of hue angle indicate more red-orange and low values more red-bluish colour. Chroma shows transition from grey (low values) to pure colour (high values) (Selcuk and Erkan, 2005) .
Determination of ascorbic acid (AA) and total monomeric anthocyanins (TMA)
Ascorbic acid (AA) content of strawberry samples was analyzed according to Bozan et al. (1996) with HPLC method. Results were expressed as mg/100 g fresh weight basis (FW). Total monomeric anthocyanins (TMA) were determined by the pH-differential method. After 30 min incubation at room temperature extracts were diluted with buffers (pH 1 or 4.5), the absorbance was measured at 520 and 700 nm (Agilent 8453 spectrophotometer, Agilent Technologies). The anthocyanins were quantified as mg Pg-3 glk/kg fresh weight (FW) basis (Giusti and Wrolstad, 2001 ).
Statistical analysis
The treatments were arranged in randomised block design (RBD) using a 2 × 3 factorial arrangement with three replications and 26 plants per treatment. The data were analysed using the Statistical Analysis System software programme, version 9.0 (SAS Institute, Cary, NC, USA) by ANOVA and treatment means were statistically compared using LSD test 5% of error probability.
Results and Discussion
Crown diameter and chlorophyll index
The determined data on crown diameter and chlorophyll index are given in Table 2 . As can be seen in Table 2 , the effects of the GB concentrations, cultivar and GB concentrations x cultivar interactions on crown diameter were found to be statistically insignificant. Crown diameter values, depending on the treatments, ranged from 2.30 mm to 2.58 mm.
In the case of chlorophyll index, there were statistical differences among the GB treatments and the highest chlorophyll index was observed at 10 mM GB concentrations (341.83). In the experiment, while cultivars insignificantly influenced the chlorophyll index, interactions were determined to be significant ( Table 2) . As a matter of fact, the highest chlorophyll index was indicated at 10 mM GB concentration x Albion cultivar interaction (346.00), while the lowest was at 20 mM GB x Fortuna cultivar interaction (254.33) ( Table 2) .
Consequently, according to our results, 10 mM GB concentration was the best concentration determined in terms of chlorophlly index. As for crown diameter, although statistical differences are insignificant, the highest values were founded at 10 mM application. In this concern, no literature was found regarding the effect of different exogenous glycine betaine concentrations under deficit irrigation conditions on morpho-physiological features in soilless strawberry cultivation. However, regarding cold stress conditions, Aras and Esitken (2013) Other experiments examining different abiotic stress conditions and species indicated similar results. As a matter of fact, Mickelbart et al. (2006) stated application of GB (50, 100, 200 mM) increased the average number of days to maximum leaf area, and specific leaf weight on grapevine. However, leaf water potential and leaf relative water content were unaffected by GB. In addition, while 100 or 200 mM GB concentrations were determined as toxic concentrations, the research studies recommend concentrations below 50 mM for further applications to increase stress tolerance of grapevine. Rezaei et al. (2012) investigated effects of exogenous GB concentrations (0, 5 and 10 mM) in three stages with 10 days interval on some morpho-physiological characteristics of tomato plants at different levels of drought stress (weekly, bi-weekly and tri-weekly watering). Results showed vegetative growth parameters inclined as compared to control, that is shoot height by 70%, root length by 73%, leaf number by 187%, leaf area by 193%, total shoot fresh weight by 168%, total shoot dry weight by 9%, relative water content by 72% and stress tolerance index by 122%. Zamani et al. (20131) examined effects of proline (10 mM) and GB (15 mM) were sprayed on the grapevines at four growth stages (before flowering, flowering, sour cluster and veraison) under drought stress. Results showed that GB significantly affected leaf relative water content, canopy temperature, chlorophyll content, leaf area in all the treated cultivars. GB treatment significantly increased shoot length, leaves area of plant, shoot fresh and dry weights, bulb yields, leaf chlorophyll contents, leaf relative water content and membrane stability index. Research studies determined that a level of 50 mM GB was more effective under moderate salt stress.
Figure 1. General view from experimental area (left), 20 mM GB application (middle), 10 mM GB application (right)
Fruit weight and yield
The effects of GB concentrations, cultivars, GB concentration x cultivar interactions on fruit weight and yield under deficit irrigation condition are given in Table 3 . As seen in Table 3 , increasing GB concentrations from 0 mM to 20 mM induced fruit weight to increase. The highest fruit weight was determined at 20 mM GB application (13.49 g). In the case of fruit weight, there were no statistical differences between cultivars. Regarding interactions, the highest fruit weight was found at 20 mM GB concentrations (13.81 g and 13.17 g), the lowest values were determined in control applications (9.74 g and 8.31 g) in all the tried cultivars.
In the case of fruit yield per plant, all tried GB treatments increased yield as compared to the control under deficit irrigation condition. Among the treatments, the highest fruit yield per plant was founded in 10 mM GB (359.00 g·plant -1 ), followed by 20 mM GB concentrations (301.33 g·plant -1 ). Fruit yield were found statistically different according to cultivars. The highest yield per plant was determined in Fortuna cultivar with 351.00 g·plant -1 under deficit irrigation conditions ( Table 3) . Regarding interaction between GB concentrations and cultivars, the highest fruit yield was founded in 10 mM GB X Fortuna cultivar (430.67 g·plant -1 ) ( 2003), who pointed out that the yield components were not affected in drought stress in cotton plants by foliar GB applications. It can be said that differences on determined GB concentrations may be caused by differences in species, cultivar and application. 
Total soluble solid (TSS), titratable acidity (TA) and firmness
The effects of GB concentrations, cultivars, GB concentration x cultivar interactions on total soluble solid (TSS), titratable acidity (TA), and firmness under deficit irrigation condition are given in Table 4 . As seen in Table 4 , while the effects of strawberry cultivars on TSS, TA and firmness were found statistically different, GB concentrations was insignificant differences. As a matter of fact, the highest TSS value was determined in the Albion (7.39%) and the highest TA was in the Fortuna (0.78%) and the highest firmness was in the Fortuna cultivar (0.57 kg·cm -2 ) under deficit irrigation condition. Regarding the interaction between GB concentrations and cultivars, the highest TSS was founded in the Albion x Control (7.56%) and Albion x 10 mM GB (7.36%). In addition the highest TA value was determined in the Albion x 10 mM GB interaction (0.80%) ( Table 4) .
Consequently, exogenous GB applications did not affect to total soluble solid, titratable acidity, firmness whereas cultivars significantly affected these criteria. Between the cultivars, TSS was higher in the Albion, whereas TA and firmness were in the Fortuna under deficit irrigation condition. However, our results differed from those of YingYun et al. 
Colour
The effects of GB concentrations, cultivars, GB concentration x cultivar interactions on L*, chroma, and hue (hº) under deficit irrigation condition are given in Table 5 . As seen in Table 5 , statistical analysis showed that there were insignificant differences in terms of lightness (L*) values according to cultivars and treatments. Regarding interactions, the highest lightness (L*) value was founded in Fortuna x 10 mM GB (34.38) (more brighter); the lowest L* value was Albion x 10 mM GB (29.57) (less brighter). In terms of chroma value, while the highest value was determined in 10 mM GB (34.32), the lowest was in control treatment (32.21) . In Table 5 , on the basis of cultivars, the highest color intensity (chroma) value was found in the Fortuna cultivar (34.56) and the highest hº values were at 10 and 20 mM GB concentrations. Indeed, the highest chroma and hº values were determined in the Fortuna and 10-20 mM GB treatments (light-colored).
Consequently, GB applications negatively affected fruit colour in terms of chroma and hº values as compared to control. In this concern, no literature was found regarding the effect of GB treatments on fruit colour in any horticultural plant. The data on ascorbic acid and total monomeric anthocyanin (TMA) content determined were given in Table 6 . As seen in Table 6 , increasing GB concentrations from 0 mM to 20 mM caused ascorbic acid contents to increase. As a matter of fact, the highest ascorbic acid (AA) content was founded at 20 mM GB application (35.29 mg·100 g -1 FW), the lowest was in control (24.79 mg/100 g FW). Furthermore, on the basis of cultivars, Albion strawberry cultivar (34.17 mg·100 g -1 FW) was determined higher than the Fortuna strawberry cultivar (27.91 mg·100 g -1 FW) in terms of AA. Interactions between cultivar and GB concentrations showed significant effects on AA. In general, Albion x 10-20 mM GB interactions gave the highest values (39.91 and 37.53 mg·100 g -1 FW) ( Table 6 ). As seen in Table 6 , statistical analysis showed that there were significant differences in terms of TMA contents according to cultivars and GB treatments. As a matter of fact, increasing GB concentrations from 0 mM to 20 mM caused TMA to decrease. While the highest TMA content was founded in control with 511.97 mg Pg-3 glk·kg -1 FW; the lowest was at 20 mM GB treatment with 480.70 mg Pg-3 glk·kg -1 FW. On the basis of cultivars examined for the TMA content the highest value was determined in the Fortuna cultivar (517.66 mg Pg-3 glk·kg -1 FW). Interactions between cultivar and GB treatments showed significant effects on TMA. In general, the highest TMA values were obtained in control x Fortuna cultivar (544.23 mg Pg-3 glk·kg -1 FW) ( Table 6 ). Consequently, increasing GB concentrations from 0 mM to 20 mM caused total anthocyanin content to decrease, whereas the ascorbic acid content increased. Similar results were obtained in previous studies (Karjalainen et al., 2002; Shams et al., 2016 Remarkable increases were detected in the levels of ellagitannin, ellagic acid and gallic acid derivates, quercetin and kaempferol konjugates. Briefly, the authors suggest that exogenously applied BTH and glycine betaine may be used to increase the levels of protective and health-promoting compounds in strawberries. Likewise, Shams et al. (2016) tried four concentrations of GB (0, 5, 10, and 25 mM) and two levels of salinity (0 and 100 mM of NaCl) in lettuce plants. Results showed that the 25 mM GB treatment increased dry matter and the content of total phenolics compared to the non-GB-treated plants under salt stress. Briefly, the authors suggested that exogenous GB treatments could ameliorate the tolerance of lettuce to salt stress by increasing the total antioxidants and total phenolics. Also, Khadouri (2015) noted the beneficial effects of GB application on biochemical and mineral content on cowpea plant. Ascorbic acid content (AA) was determined by HPLC method of Bozan et al.(1997) . Values were expressed as mg/100 g fresh weight basis (FW). Total anthocyanin content (TAC) was determined by the pH-differential method of Giusti and Wrolstad (2001) . Values were expressed in mg·Pg-3 glk·kg -1 by spectrophotometer. *The comparison of the means of the cultivars is done within the same row and means of treatment in the same column and the interaction between all the values are significantly different (P ≤ 0.05) using LSD comparison test. The mean of treatment and cultivar are shown in lowercase letters while interactions are in uppercase. **The results based on wet basis for fresh fruit. *** n = 26
Conclusion
Considering the rise in global warming, environmental changes and water shortage will affect sustainable agriculture. Therefore, identification of resistant and tolerant cultivars to stress conditions are crucial for future breeding programs. Furthermore, it is very important to determine suitable agents and application concentrations of these agents under drought stress conditions. In this regard, glycine betaine is environmentally safe, non-toxic and water-soluble and can be practically applied on plants. http In this study, we examined the various effects of glycine betaine concentrations on plant morpho-physiological features, fruit physical and some biochemical features in two different soilless grown strawberry cultivars under deficit irrigation conditions. Our results showed that exogenous GB treatments induced plant growth and development, fruit yield as compared to untreated GB under stress condition. The best GB concentration was 10 mM in terms of fruit weight and yield. Fruit colour was affected negatively by GB concentrations. It can be said that the most important result was that increasing GB concentrations from 0 mM to 20 mM caused total anthocyanin content to decrease, whereas the ascorbic acid content increased. Furthermore, regarding cultivars, Fortuna was the best cultivar in terms of yield, titratable acidity, firmness and total anthocyanin, whereas Albion was the best cultivar in terms of total soluble solid and ascorbic acid content under deficit irrigation condions in soilless strawberry cultivation.
